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There is some concern about the 11 shower emanating from the pbar beam dump 
causing high p- dose level at one of the EXIT STAIRS of the 8 GeV beamline near the 
intersection of the AP2 beamline and the 8 GeV beamline. Here we have estimated 
the p-dose levels at this EXIT STAIRS and at various locations downstream of the 
pbar beam-dump. 

In the pbar production target station (A0 building) a 120 GeV proton beam from 
the Main Ring is bombarded on a 7 cm thick metal target to produce the pbars. The 
average number of protons I, on the target is about, 

I = 2.5 x 10” x 
3600 
- = 3.6 x 1015/hr 
2.5 

Then the pbars are focused by using a 15 cm long Li-lens. At about 60 cm downstream 
of the Li-lens the 8 GeV pbars are selected by using a dipole magnet which gives a 3 
deg bend with respect to the 120 proton GeV beam. The pbars will be transported 
to the debuncher via the AP2 beamline. The unused protons will be dumped on 
to the pbar beam-dump. A schematic view of the pbar targetting area is shown in 
Fig. 1. The pions produced in the pbar target, have upto about 3.5 m path length 
before they interacts with the beam-dump or surrounding shielding materials. The 
high energy pions produced in the pbar target will be having fairly high longitudinal 
momentum. These pions will decay to produce high energy 1~s which can penetrate 
through several feet of soil and are the main contributors for the p-dose level far away 
from the beam-dump. 

The incident beam on the target is at an elevation of 223.266 m (732.5 ft) and 
the nominal ground elevation around this region is 226.7712 m (744 ft). This gives 
about 3.5052 m (11.5 ft) th ic k soil from the beam elevation to the surface. The 8 GeV 
beam line tunnel ( floor level is at an elevation of 217.4748 m (713.5 ft)) intersects 
AP2 beam line at about 150 m downstream of the pbar target station. At about 
176 m down-stream of the pbar target and at 50 miliradian to the right of the AP2 
beamline we expect to have the above mentioned EXIT STAIRS. Some part of this 
EXIT STAIRS will be at the elevation of the pbar target. To estimate the p-dose 
level we have carried out Monte Carlo calculations using Van Ginneken’s computer 
Code MUSIM within the cylindrical geometry. To take into account the effect of 
magnetic field in LI-lens and the pbar selection dipole magnet, we have made four 
quadrants viz., left, right, up and down with respect to the beam direction. The 
calculated isodose contours for p-dose levels are shown in Fig. 2a and 2b for up and 
right respectively. 



The Table I gives the estimated /r-dose levels at various locations marked in Figs. 
3a and 3b. From the Fig. 2a we find that the maximum p-dose at a distance of 175 
m down stream of the pbar target a.nd in t,he direction of the 120 GeV proton beam is 
about 0.16 mrem/hr. As shown in Fig. 3b (location F) the EXIT STAIRS is at about 
8.76 m displaced horizontally with respect, to the 120 GeV proton beam. Hence, the 
p-dose near the EXIT STAIRS is four orders of magnitudes less than that along the 
beam axis as shown in Fig. 2b. 

Table I. The calculated p-dose near the intersection of the 8 GeV and the AP2 beam- 
lines. The calculations have been carried out using the Monte Carlo code MUSIM 
and the geometry shown in Fig. 1. The coordinates of the target, (X,Y,Z) = (O,O,l.O 
m). (X = transverse displacement Y= elevation relative to the 120 GeV beam and Z 
= coordinate along the beam). 

Location 

A 

B 

C 

D 

E 

F 
(location of 
the 
EXIT STAIRS 

Distance 
(Along the 
Beam) t z> (4 

76 

99 

117 

121 

137 

176 

Conclusion: 

Elevation Transverse 
(Y) Displ. (X) 
(4 (4 

3.5 0.0 

3.5 -4.74 

3.5 

3.5 

3.5 

0.0 

0.0 

4.74 

0.0 

8.5 

Radiation Dose/hr 
(Rad/p) b/W 

0.5E-19 .lS 

l.OE-22 3.63-4 

0.5E-21 0.018 

1 .OE-22 3.63-4 

l.OE-21 3.GE-3 

< l.OE-22 < 3.63-4 

We find that the radiation due to the p-dose near the EXIT STAIRS is much 
smaller than the allowed limit of 0.025 mr/hr for the normal operational conditions. 
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Figure4 The dashed curve is obtained from a Monte Carlo calculations using MUSIM. The data 
are from A. Leveling. The error bars are drawn by assuming about 30 % systematic error. The 
statistical error are negligible. 

Appendix: 

Recently Tony Leveling has measured the jr-dose level (a memo dated G/23/95 
“APO muon Survey”) during the pbar stacking at location “E” which is about 137 m 
down stream of the pbar target (see Fig. 3). A 30 in dia 12 ft deep hole is digged in 
the ground. Using a muon detector the dose rat,e is measured for five minute duration 
at different elevations from 3 ft to 12 ft dept,h. The experiment is repeated several 
times. The average dose is determined after normalizing the data to 5E15p/hr on the 
target. The Fig. 4 gives a comparison between the measured data with the calculated 
results presented here. There is an excellant agreement between the predictions and 
the measured data. The error on the muon data is assumed to be about 30%. (note 
that the number of 120 GeV protons per pulse on the pbar target here are different 
from the one used in Table I) 



Transport Line Muon Hole 

Transport Line 
+ 

Ground Level 

-6’ 4” 

SURVEYOR: fi ~fU~C%l : i?Ld : L)LfP LL 
INSTRUMENT/SERIAL NUMBER: (Amawk +3-7 + &&d- 
BA-lTERY CHECK(SAT/UNSAT): d/ 
SOURCE CHECK(SAT/UNSAT): , /ct 
DATE CALIBRATED: II ‘i ‘I i+& 

CREATED 6/ l/95 I 

Main Ring 
c 

Note: Distances are 
approximate due to 
ground settling in and 
around the hole. 

1 
!::::TE FOUND: 9. 8s mr/hr 

REVIEWED BY: Jl$i&i& h 6 / 16/4,jN 
SIGNATUREj/DAfE 


